A set of computer programs Is described which constitutes a clone database management system. Maintenance of the database and the stocks of material is designed to be under the control of one person or group of people, who may insert, delete or modify data entries, and who may interrogate the database as to which stocks are in need of checking. The system is organised in such a way that information is freely and speedily available to all users. Database entries may be accessed by name or key word.
INTRODUCTION
There has been much discussion recently (1,2) about the need for DNA sequence banks to store and make accessible for analysis the vast amount of published sequence information. A protein sequence data bank has long been in existence (3) and similar DNA sequence banks are being established both in Europe (4) and in the USA (5). However, these data banks do not address the problems of data management, information storage and stock maintenance of the very large numbers of recombinant DNA clones generated by individual laboratories.
The refinement of already developed cloning systems and procedures, and the development of new systems and vectors, has led to ever Increasing numbers of recombinant DNA clones being produced in the laboratory. Thus, cDNA cloning in standard bacterial plasmids such as pBR322 has become a routine procedure. Essentially any protein for which amino add sequence data, or a specific antibody, is available can be cloned in these systems (6, 7) or variants of them (8) , and cDNA 'banks' which represent essentially all the mRNA sequences 1n a given cell or tissue are commonly produced in such cloning strategies. In an analogous fashion, all of the DNA sequences in the entire genome of an organism are contained in bacteriophage genomic DNA banks (9, 10). In both cDNA and genomic DNA cloning, significant numbers of primary clones are generated, in the former case often to cover the full length of the protein coding sequence, and in the latter to cover the entire expanse of often very large, interrupted eukaryote genes. In addition, in genomic cloning, flanking sequences (including adjacent genes) are often analysed by the process of chromosome walking, to isolate overlapping genomic clones covering very large areas of a region of the genome. Recent advances (11) have significantly affected the ease and speed of generation of such overlapping clones. In addition to these E.Coli based cloning systems, significant advances have also been made in cloning systems in other bacteria such as Bacillus (12) The result of all these sets of technologies is that even in a moderately sized recombinant DNA laboratory, a very large number of different clones can he generated very quickly. Attendant upon this arise the problems of Information storage and accessibility, and the maintenance of stocks of large numbers of clones. It is essential that over a period of time, the stocks of clones be regularly checked in order to prevent loss of material. Of equal importance is the accessibility of information about current clone stocks. If members of a laboratory are not aware of the existence of a certain clone, or are unable to ascertain its characteristics, then that clone may as well not exist. Failure in either of the above areas is certain to result in duplication of effort and laboratory time wasted.
We present here a computer-based system of clone bank management, where maintenance is centralised under the control of one person or group of people, and information is readily available to everyone in the laboratory.
DATABASE STRUCTURE
The two primary considerations when designing the database format were simplicity and flexibility. database. Since the various categories required differing information, the format had to be flexible enough to allow storage of different types of record for each category. For simplicity, there is no hierarchical structure in the database, therefore all entries may be accessed with equal ease and speed. The format chosen was as follows. Line length is sixty characters. The first three characters contain a two-character line code followed by a colon. Characters four to seven are blank and the information starts at position eight. Table I 
(The number of key words in an entry is unlimited). MS:
Mean size of integrated DNA fragments in DNA libraries.
NB:
Chronological entry number. The general feature is XFFFF where F stands for figure (0 to 9) and X is a letter specificity for strain (S), vector (V), recombinant DNA (R) and library (L).
NM:
Name of clone.
0D:
Source of DNA (species and tissues, organs or cells).
0M:
Orientation in the vector and simple map.
PC:
Parental clone from which a given recombinant DNA is built.
RF:
References.
RK: Remark(s). For providing extra information about material. SC:
Storage conditions In specific boxes for each of the four main parts of the bank (strains, vectors, libraries and "recombinants") with classification according to the "chess" custom, i.e. lettered by row and numbered by column.
SI:
Size of the inserted DNA in a vector.
SQ:
Name of the sequence taken from the DNA sequence database and which is related to a vector or to a piece of foreign DNA.
ST:
Stock titre for phages.
WI:
Way of DNA integration 1n the vector. Linkers used. 
FILE STRUCTURE
The database may be accessed both sequentially and directly. Most operations carried out by the database manager do not require fast, interactive access to the database. In these cases, the file is treated in a sequential manner and the programs run in batch mode. Database users, however, need to access the database interactively and therefore, quickly. In this case the database access is done directly rather than sequentially. This direct access necessitates the use of two auxilliary files. The database system consists of three files in all.
1) Database file
This file contains all the clone information texts, arranged in alphabetical order by name. This file may be accessed directly or sequentially. 
2) Catalogue File
This file is a catalogue of the database, created by program, and is used for direct access to the database. It is a small file containing, in alphabetical order, the name of each clone and its line number in the database file. The catalogue file is accessed directly and searched using a binary search. It is necessary for accessing the database by name or by key.
3) Keyword File
This is an indexed sequential file of key words, created and maintained by program. Each record consists of a key word as record key, followed by a list of names of clones whose database text contains that key word. There may be several records for any particular key word. This file is necessary for database access by key.
THE PROGRAMS
The programs were written in FORTRAN '77 for a NORD 560 minicomputer. They fall into two categories. 
1} DATABASE MANAGEMENT PROGRAMS

Mod-date
This is a fast program, run interactively, which modifies the date line of entries in the database. It accesses the database directly, making use of the catalogue file. The program takes as input the name of the database, the new date to be entered, and the file NAME:LIST created by CLONE-BY-DATE.
It prints out the name and date of each entry in NAME:LIST and asks whether the date should be modified. If the operator types 'Y', the new date replaces that currently present in the date line for that entry.
2) DATABASE ACCESS
These are programs for general use. They are designed to extract information from the clone database very quickly and therefore they run interactively, making direct accesses to the database file. For users of the database there are two methods of extracting information. These are by clone name and by key words. In general, users will want to access entries, not by name, but by characteristics such as restriction map, length, biological feature or sequence. It is therefore essential that such information, as well as appearing in detail in the text of entries, also appear in abbreviated form in the key word lines. Clone-by-name This is a program for extracting database entries by name. The program takes as Input the name of a printer, the name of the database and a list of names of entries whose text is to be printed. It then creates a file called NAME:LIST, containing the list of names, and calls the program CLONETEXT to print out the texts. Figure 4 shows a sample execution of CLONE-BY-NAME. Clone-by-key This is a program for extracting database entries by key word. Only entries containing all the key words chosen will be printed. The program takes as input the name of a printer, the name of the database and a list of key words. It then accesses the key word file to find entry names common to all the key words given and writes these names to a file called NAME-LIST. The program CLONETEXT is then called to print out the texts. 
DISCUSSION
The database management system as it has been implemented has several features worthy of note. One is simplicity of use. All the programs are very easy to use, even for people with a minimum of computer experience. In many cases the total input required from the user consists of one or two file names. In the case of the database manager, the most complicated task consists of creating a file of new data entries and this merely requires the use of a simple text editor.
A second desirable feature of the database system is speed of data access. Those functions which require great speed, namely accessing information by name or key word, and listing the key words in the database, are carried out essentially instantaneously, the limiting factor being the speed of the printer.
The database system design is extremely flexible with regard to both contents and usage. It was intended that the database be capable of storing all types of information required for cloning projects, so that although the contents would primarily consist of clones, they would also include starting elements such as eukaryotic cell lines, bacterial strains, vectors and libraries. To this end, the format of the database texts is extremely flexible indeed, so much so that the database system could in fact be used for many other purposes than the one for which it was designed.
In the final analysis, the usefulness of the clone database will depend upon its contents and how imaginatively the key word system has been utilised. The amount of information available for each entry will vary, ranging from very incomplete to quite detailed descriptions including restriction maps, drug resistance, restriction sites, size of insert, method of integration, orientation, culture specifications, references to publications, storage conditions and location, and may even include sections of the clone sequence. Those clone database entries for which DNA sequences are known have been 'linked, in our laboratory, to the EMBL (Heidelberg) DNA sequence database by including the name of the DNA sequence bank entry in the text of the clone bank entry. We have developed in our laboratory a similar set of programs for accessing directly the EMBL DNA sequence databank and these, combined with the clone database management system, should prove to be an extremely powerful information tool for the molecular biologist.
Although the clone database management system has been developed for use in individual laboratories, its design is flexible enough to allow its implementation in a centralised clone maintenance and distribution bank, should one ever be put Into operation. The set of programs described here may be implemented on any computer which has both Fortran'77 and an Indexed sequential file access system. Copies of the programs are available upon request. Requests should be accompanied by a magnetic tape and a description of the required tape format.
